Introduction {#S0001}
============

Diabetes mellitus is a metabolic disorder characterized by hyperglycemia. In recent years, the incidence of diabetes has been increasing rapidly worldwide. According to the International Diabetes Federation, the number of people living with diabetes aged 18-99 years reached 451 million in 2017, and may rise to 693 million by 2045.[@CIT0001] China is the country with the highest number of diabetics, with about 114 million patients, and type 2 diabetes (T2D) accounts for more than 90% of all diagnosed cases of diabetes.[@CIT0002]--[@CIT0004] Diabetes causes a variety of complications and a high rate of disability and mortality, and brings a heavy disease burden to society, which has become a serious public health problem that affects the sustainable development of the economy and society.[@CIT0005] Diabetes itself cannot currently be cured; patients need lifelong treatment, plus hypoglycemic drugs and lifestyle adjustments to control the disease's progress. In addition, diabetes has prolonged and recurrent characteristics, requiring patients and their families to have the ability to perform self-monitoring and management of the disease. Therefore, finding appropriate ways to improve the level of self-management of diabetic patients is very important and meaningful.

Previous studies have confirmed that prevention and treatment in community health settings is the most important approach to effectively control diabetes.[@CIT0006],[@CIT0007] The integration of team management into community-based chronic disease management is an important model of basic medical and health services in China. In 2009, China incorporated diabetes case management into basic public health services and formulated corresponding management service specifications, which requires all community health services to be available to diabetic patients over 35 years old.[@CIT0008] Diabetes management has become one of the routine tasks of community health service providers in China. Community health centers provide free diabetes screenings, follow-ups, health education, health checkups, and disease classification intervention to urban and rural residents. By the end of 2017, 26 million patients with diabetes had been registered in the diabetes management system, and the number will reach 35 million by 2020.[@CIT0009]

With the development of multidisciplinary team management, the guidelines for the prevention and treatment of T2D in China (version 2018) suggested that team members for diabetes management in community settings should consist of general practitioners, nurses, nutritionists, rehabilitators, and patients.[@CIT0010] However, with the increasing prevalence of diabetes but a severe shortage and maldistribution of generalist practitioners, it is difficult for general practitioners in local health care settings to undertake the increasingly onerous patient management services.[@CIT0011],[@CIT0012] Team management led by general practitioners is the main form of diabetes management in China; with doctor-led team management, the doctors not only take charge of treatment, but also of follow-ups, health education, archives management, team communication, and similar related tasks. Doctor-led diabetes team management focuses more on the diagnosis and treatment of diseases and less on time for family visits, telephone follow-ups, and health education, which leads to poor diabetes management outcomes due to the imbalance between the small number of general practitioners and the heavy workload. Some primary health service institutions in other countries have gradually changed from general-practitioner-led management to nurse-led team management (NLTM), and have effectively improved patient outcomes.[@CIT0013],[@CIT0014] The implementation of NLTM could significantly improve the self-management ability and glycosylated hemoglobin A1c (HbA1c) levels of diabetic patients in the community.[@CIT0015]--[@CIT0018] A systematic review claimed that the nurse's role of involvement in creating patient awareness, managing diabetes, and providing education about diabetes self-management is highly prominent in diabetes care.[@CIT0018] Thus, there is practical significance to exploring and promoting the NLTM model due to the situation of patients and community nurses being different in China.

In this study, we aimed to investigate the feasibility and efficacy of an NLTM intervention at improving the level of diabetes self-management and controlling blood glucose levels in Chinese community health settings.

Conceptual framework for the study {#S0002}
==================================

The conceptual model in this study was based on the chronic care model launched by Wagner and colleagues in 1999.[@CIT0019] The chronic care model has been considered to be an effective framework for improving the quality of diabetes care.[@CIT0020] This model includes six core elements for the provision of optimal care of patients with chronic diseases.[@CIT0021] The current study has addressed these six elements via NLTM intervention in the community for T2D ([Table 1](#T0001){ref-type="table"}).Table 1The chronic care model in NLTMSix core elementsDelivery system designNLTM has a proper design for team management. Community nurses were responsible for the establishment and improvement of archives, coordination of personnel allocation, follow-ups as planned, and consultation with team members on personalized management and care.Self-management supportPatients are the best managers. Team members provide continuous self-management support to patients by working with patients to develop diagnoses and treatment plans.Decision supportNLTM intervention was based on evidence-based and effective care guidelines.Clinical information systemsUsing the electronic information system to establish the health file for the patient and updating the patient's health condition in a timely manner.Community resources and policiesEncouragement for patients to participate in community activities; identifying or developing resources to support healthy lifestyles.Health systemsStrategies and policies to promote the overall improvement of basic health care; providing multiple resources to support the management of and care for chronic diseases.

Patients and methods {#S0003}
====================

Sample size calculation {#S0003-S2001}
-----------------------

Our study was to take HbA1c as the main effective index. According to the previous evidence,[@CIT0022] the HbA1c in the control group decreased by about 0.08% after 12 months, and that in the intervention group decreased by about 0.86%. Assuming a 10% loss in 12-month follow-up. Finally, a total of 171 samples, 86 in the intervention group and 85 in the control group, were included in the study.

Design, participants, and setting {#S0003-S2002}
---------------------------------

We conducted a randomized controlled trial between March 2014 and March 2015, recruiting patients from the Wangyuehu community in the city of Changsha, Hunan Province. This community has registered 3351 patients with diabetes, 1639 of whom have T2D. Eligible participants: 1) were at least 18 years old; 2) had a confirmed T2D diagnosis; 3) were settled in Changsha; 4) were able to speak, understand, and read Mandarin; and 5) were willing to participate in this study. All procedures, including human subjects, were conducted in accordance with the guidelines set out in the recently revised Helsinki protocol. Written informed consent was obtained from each patient prior to the study. The study was approved by the institutional review board Committee of Medical College of Biology, Xi'an Jiaotong University. The ethical review number was 2014--008.

A simple randomized method was applied to tag patient from numbers 1 to number 171 in a non-repetitive and non-sequential manner. In this random sequence, the number assigned to the control group was less than 86, and the number assigned to the intervention group was 86--171. Patients in the control group received standard care, including four face-to-face follow-up visits (each with 20--30 mins diabetes health education) per year, free measurement of fasting blood sugar (FBS) four times per year, and a free physical examination in the community service station once per year. The intervention group, in addition to the standard care, received the NLTM intervention for 12 months.

Nurse-led team management (NLTM) intervention {#S0003-S2003}
---------------------------------------------

The NLTM intervention was designed and planned in consultation with investigators, diabetes specialists, community doctors and nurses, a nutritionist, and patients and families regarding the content, frequency, and scheduling of the intervention. The team was composed of community nurses, community doctors, a clinical nursing specialist, three diabetes specialists, a nutritionist, and nursing post-graduates. Before the intervention, we trained the team, and the training content covered diabetes specialty knowledge, diet, and exercise knowledge; follow-ups, health education, and communication skills; and relevant policies and regulations. The NLTM intervention aimed to increase knowledge, enhance the compliance with diabetes self-management, provide emotional support, and solve problems. It consisted of 12 follow-up visits, 6 health lectures, and 6 free diabetes expert consultation services.

Twelve follow-up visits were conducted by community nurses and nursing graduate students, including 4 family follow-up visits during the 2nd, 4th, 8th, and 10th months, 6 telephone follow-up consultations during the 1st, 3rd, 5th, 7th, 9th, and 11th months, and 2 outpatient follow-up visits during the 6th and 12th months. Blood glucose monitoring diaries were distributed to patients at each family follow-up visit to remind patients to monitor their FBS at their convenience so that nurses could check and record the results. Each home visit lasted 20--30 mins, and the telephone consultation lasted 5--10 mins. The content of follow-up visits was based on the registration form of follow-up services for patients with T2D, including the measurements of FBS and blood pressure, evaluating medication adherence, adverse drug reactions and expiration of drugs, assessing patients' diet and exercise, and providing individual health education and emotional support according to patients' conditions. For patients with FBS controlled below 7.0mmol/L and without adverse drug reactions and complications, the next follow-up was scheduled for appointment. For those who were unsatisfied with their FBS control or who had adverse drug reactions, we organized team discussions and provided appropriate suggestions and guidance based on the patient's situation, and followed up by telephone within two weeks. Patients who were not satisfied with the control of their FBS and who had new complications or recently aggravated drug reactions were recommended to be transferred to a diabetes physician at the superior hospital, and it was recommended that the referral be actively followed up on within two weeks.

The intervention group also attended a 60 min health lecture on diabetes at the community health service center during the 1st, 3rd, 6th, 8th, 10th, and 12th months. The main content of the lecture included diet management, exercise management, drug therapy, psychological adjustment, blood glucose monitoring, and insulin injection technology. The lectures were delivered by diabetes experts from the hospital affiliated with Central South University. We distributed diabetes education pamphlets according to the content of every lecture. After each lecture, the experimental group was provided with a free 1 hr expert consultation service related to knowledge, coping skills of the diabetes and psychological care.

We adopted an interactive approach and personalized treatment, allowing the participants to express their thoughts on treatment and intervention, and the intervention was adjusted based on the individualized situations and demands of the participants.

Measures {#S0003-S2004}
--------

We collected demographic information (ie, age, gender, education level, occupational status, personal monthly income, types of medical insurance, marital status, and status of smoking and drinking) as well as disease-specific data (ie, time since T2D diagnosis, family history of diabetes mellitus, drug treatment regimens, and diabetic complications situation). Biomarkers included FBS and HbA1c.

Diabetes self-management was measured using the Diabetes Self-Management Scale originally developed and tested in China by Zhang.[@CIT0023] Its 22 items include five dimensions on dietary management, exercise management, drug management, blood glucose monitoring, and management of complications and risk factors. Responses to the questions were "never," "occasionally," "sometimes," "usually," and "always," with scoring from 1 to 5 points, respectively; items 3, 4, 6, 9, and 10 were scored in reverse. Additionally, in the dimension of drug management, if participants did not receive medication or insulin treatment, the item's score was 5 points. The total score of the scale ranges from 22 to 110; a higher total score indicates better self-management by the patients. According to the Cronbach's alpha coefficients, the reliability coefficient for the scale has been reported as 0.75. The consistency of the test--retest reliability and content validity were 0.891 and 0.89, respectively.

Data collection {#S0003-S2005}
---------------

Data were collected at baseline and at 6 and 12 months of the intervention. We trained all the people who collected the data before beginning the collection process. In the first questionnaire on collection and physical examination, we registered and replenished the health records of the subjects, including the name, age, family information, disease-related information, and biochemical indicators. The questionnaire was filled out by the patients. The researchers and the community nurses were responsible for collecting and examining the items. The missing items were immediately filled out. The nurses recorded FBS and HbA1c levels in the patient files.

Data analysis {#S0003-S2006}
-------------

Independent-sample *t*-tests, χ^2^ tests, and Mann--Whitney U tests were used to compare the two study groups at the baseline. We used repeated-measurement analysis of variance to compare the total score of the diabetes self-management, as well as FBS and HbA1c levels, between the two groups. The difference in HbA1c between the two groups at different time points was further compared by multivariate analysis of variance. The significance level used in the study was 0.05.

Results {#S0004}
=======

Participant characteristics {#S0004-S2001}
---------------------------

Of the 280 T2D patients living in the Wangyuehu community who were screened when they came to the community health center for services, 171 were recruited for the study and completed the baseline questionnaire: 86 in the intervention group and 85 in the control group. Of the original 280 T2D patients, 109 did not meet the criteria and were excluded, and 37 patients declined participation ([Figure 1](#F0001){ref-type="fig"}). During the 12-month follow-up, 143 participants completed the study, with 75 in the intervention group and 68 in the control group.Figure 1Flowchart of the participants.

As shown in [Table 2](#T0002){ref-type="table"}, there were no significant differences in any demographic or disease-related variables between groups at the baseline. Overall, participants were aged 63.7 years, 57.9% were female, and 62.6% reported being diagnosed with diabetes over five years ago.Table 2Demographic and T2D information of the two groupsVariablesControlInterventiont/χ^2^/Z*P*-value(n=85)(n=86)Gender0.060.807 Male35(41)37(43) Female50(59)49(57)Age (years)64.35±7.0763.12±8.021.0690.286BMI24.31±2.6524.23±2.710.1930.847Waist-to-hip ratio0.91±0.200.91±0.10−0.1610.872Marital status1.0520.305 Have a spouse79(93)76(88) No spouse6(7)10(12)Education level1.4030.496 Primary school or less18(21)18(21) Middle school53(62)59(69) High school or above14(16)9(10)Working status0.4490.503 Employed9(11)12(14) Unemployed76(89)74(86)Monthly income (CNY)0.5840.747 \<150022(26)25(29) 1500--450056(66)52(60) \>45007(8)9(10)Type of insurance6.7510.080 Employee insurance57(67)59(69) Resident insurance6(7)14(16) Commercial insurance6(7)6(7) No insurance16(19)7(8)Smoking1.2240.269 Yes62(73)56(65) No23(27)30(35)Drinking0.2810.596 Yes69(81)67(78) No16(19)19(22)Family history of diabetes0.1710.918 Not clear11(13)12(14) Yes20(24)22(26) No54(64)52(60)Diagnosed with diabetes1.7830.410 \<5 years34(40)30(35) 5--10years32(38)29(34) \>10 years19(22)27(31)FBS8.13±1.878.04±1.840.3240.746HbA1c7.64±1.507.76±1.71−0.4990.619Medicine therapy3.9250.270 Oral antidiabetic drug49(58)57(66) Insulin treatment19(22)17(20) No drug use5(6)7(8) Oral antidiabetic drug with insulin treatment12(14)5(6)Complications0.0040.948 Yes49(58)50(48) No36(42)36(42)

Intervention outcomes {#S0004-S2002}
---------------------

Compared with the control group, the mean score for diabetes self-management of the NLTM group demonstrated a better improvement over time than the control group after intervention (*P*\<0.0001). The effect size of the NLTM intervention over time for diabetes self-management was 0.183 ([Table 3](#T0003){ref-type="table"}).Table 3Comparison of diabetes self-management (DSM) between the two groupsVariableTestInterventionControlIntervention effectTime effectInteraction effectF*P*-value$\documentclass[12pt]{minimal}
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Repeated-measurement analysis was used to analyze FBS and HbA1c before and after intervention ([Table 4](#T0004){ref-type="table"}). No statistical differences were found in FBS in either pretests or posttests between the two groups. There was an interaction effect of intervention and time in HbA1c. Multivariate analysis of variance was used to further compare the HbA1c differences between the two groups at different time points ([Table 5](#T0005){ref-type="table"}). The HbA1c results in the intervention group were lower than those in the control group after 12 months (*P*\<0.05), but no statistical difference was indicated at 6 months.Table 4Comparison of FBS and HbA1c between the two groupsVariableTestInterventionControlIntervention effectTime effectInteraction effectF*P*-value$\documentclass[12pt]{minimal}
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Discussion {#S0005}
==========

This study shows that NLTM intervention could enhance the level of self-management in T2D patients through different aspects. First, NLTM intervention could remind patients to manage themselves. Blood glucose monitoring diaries and telephone follow-up consultations were effective for patients to remind them to monitor and record blood glucose, and to facilitate staff viewing at the same time. Second, NLTM intervention could improve the level of diabetes-related knowledge and disease care awareness. We produced and distributed some diabetes education pamphlets with text and pictures based on the diabetes guidelines of the American Diabetes Association,[@CIT0024] the International Diabetes Federation,[@CIT0025] and the guidelines on Diabetes Care and Education in China.[@CIT0026] Holding a diabetes lecture is a way of promoting self-management education, and also provides opportunities for patients to communicate and learn from each other. Third, the family follow-up and expert consultation offered the patients and their families timely communication with health care providers for informational, emotional, and technical support to overcome a variety of barriers during their self-management time. The American Diabetes Association[@CIT0027] recommends that all patients with diabetes receive diabetes self-management education according to national standards. Beck J et al[@CIT0028] claimed that diabetes self-management education and support promote the knowledge, skills, and abilities necessary for diabetes self-care, as well as activities that assist individuals in implementing and sustaining the behaviors needed to manage their condition on an ongoing basis. This study, along with previous evidence, described changes in self-management after receiving education and management training.[@CIT0016],[@CIT0029],[@CIT0030]

The results of the present study show that NLTM intervention improved HbA1c control in patients. As an important indicator of diabetes control, HbA1c reflects the recent average blood sugar levels of patients, and is closely related to the occurrence of diabetic complications.[@CIT0031] This finding was consistent with another study in Chengdu, China, which showed that team management led by community nurses was an effective nursing model to control blood sugar and prevent diabetes-related complications.[@CIT0022] Diabetes self-management education programs showed a significant decrease in HbA1c in the USA[@CIT0032],[@CIT0033] and Thailand.[@CIT0034] A systematic review and meta-analysis[@CIT0035] suggested that specially trained nurses appear to be more effective than physicians at educating patients with diabetes and cardiovascular diseases in the self-management of blood pressure and Hb1Ac in community settings, and nurse-led self-management support interventions can be included in routine primary care activities. Our study provided some educational intervention measures and highlighted the leading role of nurses in the intervention. The decrease of HbA1c levels indicates our intervention is beneficial to the control of blood sugar in patients with T2D.

Unexpectedly, we failed to find that NLTM had a significant impact on the decrease of FBS levels during the 12-month follow-up period, which was not consistent with previous findings that community-based diabetes self-management education could cause a significant reduction in FBS levels.[@CIT0036],[@CIT0037] Although the result was not significant between groups, the mean of FBG did drop from 8.04 mmol/L to 7.84 mmol/L in the intervention arm; whereas the mean kept the same level from 8.13 mmol/L to 8.10 mmol/L in the control arm. It may take more time to determine the effect of NLTM intervention on FBS.

The expectations of diabetes patients include having better control over diabetes, reducing impacts of the disease on their lives, and having timely access to competent guidance from health care professionals. Instituting NLTM could help achieve these goals. During the year of this study's intervention, we ensured that we had effective communication with our participants at least once per month. As the contact time with the participants increased, the provider--patient relationship became much closer. To our delight, we found that the participants were more active in seeking help, and had an increase in trust and satisfaction with community health care workers. Most of the participants were willing to accept the NLTM model. Our study, along with previous evidence, suggests that community-based NLTM is an effective mode of care in terms of controlling blood glucose and preventing diabetes-related complications.[@CIT0022],[@CIT0035]

Overall, NLTM intervention for improving the self-management of type 2 diabetes patients in a Chinese community is feasible and in line with the trend of medical development in China, and our study is meaningful for future scale-up. First, In February 2017, the Health and Family Planning Commission of the People's Republic of China promulgated the national basic public health service standards (the third edition),[@CIT0038] which further added and explained the contents of health education in community health services, including the provision of health education materials, the health consultation activities not less than nine times per year, the health lectures at least once a month, and the provision of individualized health education. So, our intervention measures can be integrated into the routine. Besides, the number of practitioners (assistants) per 1000 resident population was 2.06 in 2013 and it will be increased to 2.5 in 2020, while the number of registered nurses per 1000 residents was 2.05 in 2013 and it will be increased to 3.14. The ratio of practitioners to registered nurses will be increased from 1:1 to 1:1.25.[@CIT0039] Thus, NLTM will be a more preferable model than the model of teamwork guided by practitioners as nurses are more sufficient. Last, there are nursing graduate students in the intervention team, and graduate students go to the community every year for internships, which is feasible for teaching units.

There were limitations in this study. The study mainly included diabetes patients in a large community of Changsha, which may cause a certain regional bias due to the average environmental and nutritional conditions may be significantly different in other regions and in rural areas. Furthermore, HbA1c results showed a statistical difference after 12 months, but no statistical difference at 6 months, which may indicate that intervention time is an important factor affecting the change in HbA1c. The 12-month follow-up may not be long enough to determine the effect of NLTM intervention. Third, we did not measure whether our intervention would increase the burden on nursing staff, which is an important aspect that may affect the feasibility of the NLTM intervention. Further studies encompassing multiple sites and a longer follow-up period and the measurement of the burden on nursing staff are suggested.

Conclusion {#S0006}
==========

The NLTM intervention demonstrated preliminary efficacy at improving the level of self-management in patients with T2D, and it showed promising effects in terms of helping control HbA1c levels in T2D patients in a Chinese community. However, it failed to demonstrate a significant effect on the decrease in FBS during the 12-month follow-up period. Findings of this study suggest that NLTM can be applied to the management of T2D in community health settings.
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